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57 ABSTRACT

The present invention is directed at methods and apparatuses
for facilitating the establishment of a reference pressure
within a reference chamber of a pressure transducer. The
transducer has a housing and a cover, the housing defining
a reference chamber and an aperture. A meltable sealing
material is disposed on at least one of the cover and the
housing. The apparatus includes a pressure chamber that is
rotatable between a first position and a second position, a
pressure source that is connected to the pressure chamber, a
guide that is attachable to the transducer near the aperture,
and a heater for selectively heating the pressure chamber to
a temperature sufficiently high to melt the sealing material.
The cover is positioned in an internal space of the guide. The
guide is attached to the transducer near the aperture. The
transducer, cover and guide are placed in the pressure
chamber, the pressure chamber is rotated to the first position
and a pressure is generated in the pressure chamber via the
pressure source. After a reference pressure has been estab-
lished in the reference chamber, the pressure chamber is
rotated to the second position. Gravity causes the cover to
move within the space towards the aperture when the
pressure chamber is rotated to the second position. The
heater then heats the pressure chamber to melt the sealing
material. Upon cooling, the sealing material forms a seal that
seals the reference pressure in the reference chamber of the
transducer.

70 Claims, 12 Drawing Sheets
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METHOD AND APPARATUS FOR FORMING
A REFERENCE PRESSURE WITHIN A
CHAMBER OF A CAPACITANCE SENSOR

BACKGROUND OF THE INVENTION

The present invention relates to capacitive pressure trans-
ducers. More specifically, the present invention relates to an
improved method and apparatus for forming a reference
pressure within a chamber of a capacitive pressure trans-
ducer assembly.

FIG. 1A depicts a cross-sectional side view of an
assembled prior art capacitive pressure transducer assembly
10. FIG. 1B is an exploded view of the upper housing 40,
diaphragm 56 and lower housing 60 of FIG. 1A. Briefly,
capacitive pressure transducer assembly 10 includes a body
that defines an interior cavity. A relatively thin, flexible
ceramic diaphragm 56 divides the interior cavity into a first
sealed interior chamber 52 and a second sealed interior
chamber 54. As will be discussed in greater detail below,
diaphragm 56 is mounted so that it flexes, moves, or
deforms, in response to pressure differentials in chambers 52
and 54. Transducer assembly 10 provides a parameter that is
indicative of the amount of diaphragm flexure and this
parameter is therefore indirectly indicative of the differential
pressure between chambers 52 and 54. The parameter pro-
vided by transducer assembly 10 indicative of the differen-
tial pressure is the electrical capacitance between diaphragm
56 and one or more conductors disposed on an upper
housing 40.

Capacitive pressure transducer assembly 10 includes a
ceramic upper housing 40 and a ceramic lower housing 60.
The upper housing 40, which generally has a circular shape
when viewed from the top, defines an upper face 41, a
central lower face 47, an annular shoulder 42 that has a
lower face 42a and an annular channel 43 that is located
between the central lower face 47 and the annular shoulder
42. Lower face 42a of the annular shoulder 42 is substan-
tially co-planar with central lower face 47. The upper
housing further defines an aperture (or passageway) 48 that
extends through the housing 40 from the upper side to the
lower side. A metallic conductor 46 is disposed on a center
portion of the lower face 47.

The diaphragm 56 is generally a circular thin diaphragm
that has an upper face 57 and an opposite, lower, face 59. A
metallic conductor 58 is disposed on a center portion of
upper face 57 of the diaphragm 56. The diaphragm 56 and
the upper housing 40 are arranged so that the conductor 46
of the upper housing 40 is disposed opposite to the conduc-
tor 58 of the diaphragm 56. Diaphragm 56 is coupled to the
upper housing 40 by a high-temperature air-tight seal (or
joint) 70. The seal 70 is located between the lower face 42a
of the annular shoulder 42 of the upper housing 40 and a
corresponding annular portion of face 57 of diaphragm 56.
When sealed, the upper housing 40, seal 70 and diaphragm
56 define reference chamber 52. A reference pressure is
established and maintained in the reference chamber 52.
Aperture 48 provides an inlet or entry way into reference
chamber 52.

The lower housing 60, which generally has a circular
shape, defines a central opening 64 and an upwardly pro-
jecting annular shoulder 62 that has an upper face 62a. The
upper face 62a of shoulder 62 of the lower housing 60 is
coupled to a corresponding portion of lower face 59 of
diaphragm 56 by a high-temperature air-tight seal (or joint)
76. Seal 76 can be deposited and fabricated in a manner
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similar to that of seal 70. When sealed, the lower housing 60,
seal 76 and face 59 of the diaphragm 56 define process
chamber 54.

A pressure tube 66 having an inlet passageway 68 is
coupled to the lower housing 60 by a seal, for example, so
that the inlet passageway 68 is aligned with the opening 64
of the lower housing 60. Accordingly, the process chamber
54 is in fluid communication, via opening 64 and inlet
passageway 68, with an external environment. In operation,
the capacitive pressure transducer assembly 10 measures the
pressure of this external environment.

Conductors 46 and 58 of the capacitive pressure trans-
ducer assembly 10 form parallel plates of a variable capaci-
tor C. As is well known, C=Ae,€,/d, where C is the capaci-
tance between two parallel plates, A is the common area
between the plates, €, is the permittivity of a vacuum, e, is
the relative permittivity of the material separating the plates
(e.g., €,=1 for vacuum), and d is the axial distance between
the plates (i.e., the distance between the plates measured
along an axis normal to the plates). So, the capacitance
provided by capacitor C is a function of the axial distance
between conductor 46 and conductor 58. As the diaphragm
56 moves or flexes up and down, in response to changes in
the pressure differential between chambers 52 and 54, the
capacitance provided by capacitor C also changes. At any
instant in time, the capacitance provided by capacitor C is
indicative of the instantaneous differential pressure between
chambers 52 and 54. Known electrical circuits (e.g., a “tank”
circuit characterized by a resonant frequency that is a
function of the capacitance provided by capacitor C) may be
used to measure the capacitance provided by capacitor C and
to provide an electrical signal representative of the differ-
ential pressure. Conductors 46, 58 can be comprised of a
wide variety of conductive materials such as gold or copper,
for example, and can be fabricated via known thin and thick
film processes or other known fabrication methods. When
thin film processes are utilized, conductors 46, 48 may have
thicknesses of about 1 um, for example.

Diaphragm 56 is often made from aluminum oxide. Other
ceramic materials, such as ceramic monocrystalline oxide
materials, however, may also be used. Capacitance sensors
having ceramic components are disclosed in U.S. Pat. Nos.
5,920,015 and 6,122,976.

As noted above, changes in the differential pressure
between chambers 52, 54 cause diaphragm 56 to flex thereby
changing the gap between conductor 46 and conductor 58.
Measurement of changes in the gap permits measurement of
the differential pressure. The gap, however, can also be
affected by factors unrelated to pressure. For example, the
gap can be affected by changes in temperature. Since the
components of transducer assembly 10 can be made from a
variety of different materials, each of which has its own
characteristic coeflicient of thermal expansion, temperature
changes in the ambient environment can cause the dia-
phragm 56 to move closer to, or further away from, con-
ductor 46. Fortunately, changes in the gap caused by tem-
perature changes are characteristically different than
changes in the gap caused by changes in differential pres-
sure. To compensate for changes in the gap that are caused
due to changes in the ambient temperature, it is known to
include a second conductor (not shown) that is disposed
adjacent to conductor 46 on the lower face 47 of the upper
housing 40. In such an embodiment, conductors 46 and 58
form parallel plates of a variable capacitor C1 and conductor
58 and the second conductor form parallel plates of a
variable capacitor C2. The two capacitors, C1 and C2, may
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be used by known methods to reduce the transducer’s
sensitivity to temperature changes.

The upper housing 40 is positioned so that the lower face
47, and any conductors disposed thereon, are disposed in a
plane that is parallel to the plane defined by the conductor 58
(i.e., diaphragm 56) when the pressures in chambers 52, 54
are equal. As discussed above, the capacitance defined by
the conductors 46, 58 depends upon the gap (i.e., axial
distance) that exists between these opposing conductors.
The gap, which is relatively small (e.g., on the order of
0.0004 inches (10-12 pm)), depends, in part, upon the
thickness of the seal 70 and the shape and configuration of
the upper housing 40 (e.g., the amount that lower face 42a
is out of plane, i.e. offset, with lower face 47, if any).

In operation, capacitive pressure transducer assembly 10
is normally used as an absolute pressure transducer. In this
form, reference chamber 52 is evacuated to essentially zero
pressure, e.g., less than 107 Torr, and the reference chamber
52 is then sealed. The reference pressure then serves as a
baseline from which a pressure within the process chamber
54 is determined. To maintain the essentially zero pressure
within the reference chamber 52, the transducer assembly 10
includes a tube 80, a cover 82, a hold-wire 86, a screen 88
and a getter element 84. As is shown in FIGS. 1A and 1B,
the screen 88 supports the getter element 84 within a hollow
portion of the tube 80 while the hold-wire 86 maintains the
getter element 84 against the screen 88. The hollow portion
of the tube 80 is disposed over the aperture 48 of the upper
housing 40 so that the getter element 84 is in fluid commu-
nication with the reference chamber 52. In addition to
supporting the getter element 84, screen 88 also prevents
particles from passing into the reference 52 that could
adversely affect the operation of the diaphragm 56.

The bottom end of the tube 80 is coupled to the upper face
41 of the upper housing 40 around the aperture 48 by a
high-temperature air-tight seal 92, while the cover 82 is
coupled to the upper end of the tube 80 by a low-temperature
air-tight seal 94. Seals 92, 94 and seal 70, which is located
between the shoulder 42 of the upper housing 40 and the
diaphragm 56, all assist in maintaining the reference pres-
sure that is established in the reference chamber 52. The
high-temperature seal 92 is comprised of a high-temperature
glass material while the low-temperature seal 94 is com-
prised of a low-temperature glass material. To form the
high-temperature seal 92, the high-temperature glass mate-
rial is deposited on the lower end of the tube 80, a corre-
sponding sealing area of face 41, or both. The high-tem-
perature glass material is melted, a force perpendicular to the
upper face 41 of the upper housing 40 is applied between the
tube 80 and the upper housing 40 and the high-temperature
glass material is then allowed to cool (i.e., solidify) thus
forming the high-temperature air-tight seal 92. The low-
temperature seal 94 is similarly formed between the upper
end of the tube 80 and a corresponding sealing area of the
cover 82. The high-temperature glass material of the high-
temperature seal 92 has a melting temperature that is higher
than that of the low-temperature glass material of the
low-temperature seal 94. To provide different melting tem-
peratures, the glass materials of the seals 92, 94 can be
comprised of different materials or have different amounts of
a common material. The melting temperature of the high-
temperature seal 92 is higher than the melting temperature(s)
of the high-temperature seals 70 and 76 and the melting
temperature(s) of the high-temperature seals 70 and 76 is
higher than the melting temperature of the low-temperature
seal 94.
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The getter element 84 is comprised of a material that,
when activated, acts to effectively absorb any gaseous
impurities that may be present within the sealed reference
chamber 52. Thus, when activated, the getter element 84
assists in maintaining the reference pressure at an ultra high
vacuum level for long periods of time, e.g., ten or more
years.

Although an ultra high vacuum pressure, i.e., essentially
zero pressure, is a convenient and useful reference pressure,
other reference pressures can also be used. After the refer-
ence pressure has been established in chamber 52, the
pressure tube 66 is then connected to a source of fluid (not
shown) to permit measurement of the pressure of that fluid.
Coupling the pressure tube 66 in this fashion delivers the
fluid, the pressure of which is to be measured, to process
chamber 54 (and to the lower face 59 of the diaphragm 56).
The center of diaphragm 56 moves or flexes up or down in
response to the differential pressure between chamber 52
and 54 thereby changing the capacitance of capacitor C.
Since the instantaneous capacitance of capacitor C is indica-
tive of the position of the diaphragm 56, transducer assem-
bly 10 permits measurement of the pressure in chamber 54
relative to the reference pressure that is established in
chamber 52.

The accuracy of the capacitive pressure transducer assem-
bly 10 can depend upon the accuracy at which the reference
pressure can be established and maintained in the reference
chamber 52. In other words, as the actual pressure within the
reference chamber 52 deviates from an intended and
designed reference pressure, the performance of the capaci-
tive pressure transducer assembly 10 will correspondingly
suffer.

The steps of establishing a reference pressure in the
reference chamber 52, activating the getter element 84 and
sealing the cover 82 to the tube 80 are typically the last few
steps that are performed when fabricating capacitive pres-
sure transducer assembly 10. Thus, the steps of coupling the
upper housing 40 to the diaphragm 56 via the high-tempera-
ture seal 70, coupling the lower housing 60 to the diaphragm
56 via the high-temperature seal 76, coupling the pressure
tube 66 to the lower housing 60 around the opening 64, and
coupling the tube 80 (having the screen 88, getter element 84
and hold-wire 86) to the face 41 of the upper housing 40
around the aperture 48 via the high-temperature seal 92 will
usually have already been completed before the reference
pressure is established.

To establish a reference pressure within the reference
chamber 52, the reference chamber 52 is typically subjected
to a burn-out and evacuation process and then the cover 82
is sealed to the tube 80. The reference chamber 52 is
“burned-out” by heating the inner surfaces that define the
reference chamber 52 (including the surfaces of the cover
82, tube 80, housing 40 that are in fluid communication with
the reference chamber 52), and the chamber 52 is “evacu-
ated” by drawing an ultra-high vacuum on the reference
chamber 52. The burn-out heat vaporizes the contaminants,
e.g., volatiles, moisture, that may be present on these inner
surfaces while the evacuation vacuum draws the vaporized
contaminants and gases out of the reference chamber 52.
Since the cover 82 has not yet been sealed to the tube 80, the
contaminants and gases are sucked out of the reference
chamber 52, the aperture 48 and the hollow portion of the
tube 80. Once the burn-out and evacuation process is com-
pleted and while the vacuum pressure is continuing to be
maintained, the cover 82 is then sealed to the tube 80 via the
low-temperature seal 94 to establish the reference pressure
in the reference chamber 52.
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FIGS. 2A and 2B illustrate a prior art method and appa-
ratus that is used to establish a reference pressure within the
reference chamber 52 of a capacitive pressure transducer
assembly 10. FIG. 2A generally depicts the burn-out and
evacuation process while FIG. 2B generally depicts the
process by which the cover 82 is sealed onto the upper end
of the tube 80. The apparatus includes a vacuum housing 93
that defines an interior vacuum chamber 95. Referring to
FIG. 2A, a low-temperature sealing material 94a is depos-
ited on the upper end of the tube 80. The semi-completed
transducer assembly 10, i.e., one that does not yet have the
cover 82 sealed to the tube 80, is then disposed in the
vacuum chamber 95. [For clarity, the pressure tube 66 has
been omitted from FIGS. 2A and 2B and some of the other
subsequent figures. The pressure tube 66, however, would
typically be coupled to the lower housing 60 prior to the
assembly being placed in the vacuum chamber 95.] After the
transducer assembly 10 has been placed in the vacuum
chamber 95, the vacuum housing 93 is placed in an oven (not
shown), a vacuum source (not shown) is coupled to the
vacuum chamber 95 and the burn-out and evacuation pro-
cess of the reference 52 is initiated. During the burn-out and
evacuation process, which can last for more than 20 hours,
the transducer assembly 10 is heated to a temperature of
about 250° C. and an ultra-high vacuum pressure of the
order of 107 Torr (or less) is generated in the vacuum
chamber 95. In FIG. 2A, the burn-out and evacuation of
reference chamber 52 (and aperture 48 and tube 80) is
indicated by the arrows which extend from the reference
chamber 52, up through the aperture 48 and up through and
out of the top end of the tube 80.

After the burn-out and evacuation of the reference cham-
ber 52 is completed, the cover 82 is then coupled to the tube
80 by the low-temperature seal 94. Cover 82 is attached and
sealed to the tube 80 without opening vacuum housing 93 so
as to preserve the vacuum in reference chamber 52. Accord-
ingly, as can been seen in FIG. 2A, prior to initiating the
burn-out and evacuation process, the cover 82 is attached to
an end of a rod 96 which penetrates into the vacuum
chamber 95 of the vacuum housing 93. When the burn-out
and evacuation process is completed, the rod 96 can be
actuated to bring the cover 82 in contact with the low-
temperature sealing material 94a that is disposed on the
upper end of the tube 80.

The low-temperature sealing material 94a that forms the
low-temperature seal 94 is not melted during the burn-out
and evacuation process, i.e., the burn-out temperature is
generally set below the melting temperature of the low-
temperature sealing material 94a. Moreover, the burn-out
and evacuation process should not compromise the seals that
have already been formed in the transducer assembly 10
(e.g., high-temperature seals 70, 76 and 92) and, thus, the
burn-out temperature should not exceed the melting tem-
peratures of these seals.

A high-temperature dynamic seal 99 (e.g., a gasket) is
disposed in the vacuum housing 93 where the rod 96
penetrates the vacuum housing 93. The high-temperature
dynamic seal 99 allows to the rod to travel freely up and
down while assisting to maintain the pressure that is present
in the vacuum chamber 95 of the vacuum housing 93.

Prior to initiating the burn-out and evacuation process,
cover 82 is attached to the end of the rod 96 by a low-
temperature seal 98. The melting temperature (i.e., melting
point) of the low-temperature seal 98, which is lower than
the melting temperature of the low-temperature sealing
material 94a, is higher than the burn-out temperature and,
therefore, does not melt during the burn-out and evacuation
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process. The rod 96 extends through the high-temperature
dynamic seal 99 and, together with the cover 82, is aligned
with the tube 80 of the transducer assembly 10.

Referring now to FIG. 2B, after the burn-out and evacu-
ation process is completed, while the pressure in the vacuum
chamber 95 is still being maintained, the rod 96/cover 82 is
lowered until the cover 82 comes into contact with the
low-temperature sealing material 94a. The temperature
within the vacuum chamber 95 (as directed by the oven) is
then elevated to cause the low-temperature sealing material
94a to melt. This increase in temperature also causes the
low-temperature seal 98 to melt and causes the getter
element 84 to become activated. To form the low-tempera-
ture air-tight seal 94 between the cover 82 and the tube 80,
the temperature within the vacuum chamber 95 is decreased
until the low-temperature sealing material 94a solidifies and,
while the low-temperature seal 98 is sufficiently melted, the
rod 96 is pulled away from the transducer assembly 10.
Once the low-temperature seal 94 is formed—and the ref-
erence pressure in the reference chamber 52 is thus estab-
lished—the temperature in the vacuum chamber 95 is
reduced to ambient temperature, then vacuum source is
disconnected and the assembled transducer assembly 10 is
removed from the vacuum housing 93.

FIG. 3 illustrates the prior art burn-out, evacuation and
sealing process of the apparatus and method of FIGS. 2A
and 2B in more detail. In FIG. 3, the x-axis of the process
flow represents Time and the y-axis represents Temperature
in degrees Celsius. Prior to initiating the burn-out and
evacuation process, at Step A of the process flow, the cover
82 is attached to rod 96 via low-temperature seal 98 and the
transducer assembly 10, cover 82 and rod 96 are placed in
the vacuum chamber 95 (FIG. 2A). During Step A—B, the
temperature in the vacuum chamber 95 is raised to a
burn-out temperature of 250° C. and the pressure is lowered
to an evacuation pressure of 10~® Torr. Step A—B is com-
pleted in three hours. After the burn-out temperature and
evacuation pressure are achieved (Step B), the reference
chamber 52 is burned-out and evacuated for 20 hours, Step
B—C. Shortly before Step C is reached, the rod 96 and cover
82 are lowered so that the cover 82 comes into contact with
the low-temperature sealing material 94a that is deposited
on the upper end of the tube 80. Once the burn-out and
evacuation step is completed (Step C), the temperature in the
vacuum chamber 95 is raised to 475° C., Step C—D, which
causes the low-temperature sealing material 94a and the
low-temperature seal 98 to melt. Step C—D lasts for three
hours. The vacuum chamber 95 is then maintained at 475°
C. for 30 minutes, Step D—FE, to ensure that the low-
temperature sealing material 94a and the low-temperature
seal 98 are sufficiently melted. The temperature in the
vacuum chamber 95 is then lowered to 400° C. over the
course of two hours, Step ELF, which causes the low-
temperature sealing material 94a to solidify and form the
low-temperature air-tight seal 94. The melting temperature
of the low-temperature seal 98 is below 400° C. and, thus,
the low-temperature seal 98 remains melted throughout Step
E—F. Shortly before Step F is reached, rod 96 is raised away
from the cover 82 (FIG. 2B). Lastly, the temperature and
pressure in the vacuum chamber 95 are brought to ambient
conditions over the course of 4 hours and the assembled
pressure transducer assembly 10 is then removed from the
vacuum chamber 95 of the vacuum housing 93, Step F—G.
As illustrated in FIG. 3, the prior art burn-out, evacuation
and sealing process can be completed in 32% hours.

The method and apparatus described above does not
necessarily ensure that an accurate reference pressure has
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been established within the reference chamber 52 of a
capacitive pressure transducer assembly 10. For example, it
is very difficult to establish and maintain an ultra high
vacuum of the order of 107® Torr (or less) in a vacuum
housing 93 that utilizes a rod 96 and a high-temperature
dynamic seal 99 because the pressure integrity of the
vacuum housing 93 tends to be compromised by the pres-
ence of the high-temperature dynamic seal 99. It also can be
difficult or costly to accurately control the positions and
orientations of the cover 82 and the tube 80 during the rod
actuating mating process. If the cover 82 is not positioned or
oriented properly in relationship to the tube 80 during the
mating process, the integrity of the low-temperature seal 94
may be compromised or the low-temperature seal 94 may
fail entirely.

A need therefore exists for a method and apparatus for
accurately establishing a reference pressure within a refer-
ence chamber of a capacitive pressure transducer assembly.

SUMMARY OF THE INVENTION

The present invention is directed to methods and appa-
ratuses for establishing a reference pressure within a refer-
ence chamber of a capacitive pressure transducer assembly.
The pressure transducer includes a cover and a housing that
defines a reference chamber and an aperture. A meltable
sealing material is disposed on at least one of the cover and
the housing. The apparatus includes a pressure chamber that
is rotatable between a first position and a second position
and a guide that is attachable to the transducer near the
aperture. The guide defines an internal space. A cable can be
used to rotate the pressure chamber between the first and
second positions. An actuator motor and an actuator rod can
alternatively be used to rotate the pressure chamber. A
pressure source connected to the pressure chamber can
establish a desired pressure within the pressure chamber
while a heater (e.g., oven) can selectively heat the pressure
chamber to a temperature sufficiently high to melt the
sealing material.

The cover is positioned in the space of the guide and the
guide is attached to the transducer near the aperture. The
transducer, cover and guide are placed in the pressure
chamber, the pressure chamber is rotated to the first position
and a pressure is generated in the pressure chamber via the
pressure source and the chamber is heated to bake out
unwanted materials. After a reference pressure has been
established in the reference chamber, the pressure chamber
is rotated to the second position wherein gravity thereby
causes the cover to move towards the aperture within the
space. The heater then heats the pressure chamber to melt the
sealing material. Upon cooling, the sealing material forms a
seal that seals the reference pressure in the reference cham-
ber of the transducer.

The apparatus may also include a weight, such as a ball,
that is disposed within the space of the guide.

By utilizing an apparatus that has a guide and a rotatable
pressure chamber, the methods and apparatuses of the
present invention are capable of accurately locating and
orienting the cover during the reference chamber sealing
process. The methods and apparatuses of the present inven-
tion, moreover, do not require the use of a high-temperature
dynamic seal to maintain the pressure in the pressure cham-
ber.
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BRIEF DESCRIPTION OF THE DRAWINGS

Various objects, features, and advantages of the present
invention can be more fully appreciated with reference to the
following detailed description of the invention when con-
sidered in connection with the following drawing, in which
like reference numerals identity like elements. The follow-
ing drawings are for the purpose of illustration only and are
not intended to be limiting of the invention, the scope of
which is set forth in the claims that follow.

FIG. 1A shows a cross-sectional view of a prior art
capacitance sensor.

FIG. 1B shows partial, expanded cross-sectional view of
the prior art capacitance sensor of FIG. 1A.

FIGS. 2A and 2B illustrate a prior art method and appa-
ratus used to establish a reference pressure within a refer-
ence chamber of a capacitive pressure transducer assembly.

FIG. 3 depicts a process flow for establishing a reference
pressure within a reference chamber of a transducer assem-
bly in accordance with the prior art method and apparatus of
FIGS. 2A and 2B.

FIG. 4A shows a side view of an apparatus constructed in
accordance with the invention for establishing a reference
pressure within a reference chamber of a capacitive pressure
transducer assembly.

FIG. 4B shows a front view of the apparatus of FIG. 4A.

FIG. 5 illustrates a partial, cross-sectional, side-view of
the apparatus of FIGS. 4A and 4B that shows the internal
components of the apparatus and how the pressure trans-
ducer assembly is disposed therein.

FIG. 6A shows a frame assembly constructed in accor-
dance with the invention.

FIG. 6B shows a cross-section view of the frame assem-
bly of FIG. 6A.

FIG. 7A illustrates one step in an exemplary method of
establishing a reference pressure within a reference chamber
of a capacitive pressure transducer assembly in accordance
with the invention.

FIG. 7B is a close-up view that further illustrates how the
step of FIG. 7A is to be performed.

FIG. 8A illustrates another step in an exemplary method
of establishing a reference pressure within a reference
chamber of a capacitive pressure transducer assembly in
accordance with the invention.

FIG. 8B is a close-up view that further illustrates how the
step of FIG. 8A is to be performed.

FIG. 9 illustrates a process flow for establishing a refer-
ence pressure within a reference chamber of a transducer
assembly in accordance with the method and apparatus of
the present disclosure.

DETAILED DESCRIPTION

The present invention is directed to methods and appa-
ratuses for accurately establishing a reference pressure
within a reference chamber of a capacitive pressure trans-
ducer assembly. The present invention is capable of estab-
lishing an ultra-high vacuum in a vacuum chamber for
facilitating the burn-out and evacuation process of a trans-
ducer assembly and is capable of controlling the delivery
and mating of an aperture cover during the reference cham-
ber sealing process. Moreover, the present invention does
not utilize a high-temperature dynamic seal to maintain the
ultra-high vacuum in the vacuum chamber.

FIG. 4A depicts a side view of an exemplary apparatus
100 constructed in accordance with the invention. FIG. 4B
depicts a front view of the apparatus 100. Apparatus 100 is
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comprised of a vacuum housing 110 and a support assembly
120. The vacuum housing 110 defines an internal vacuum
chamber, which is discussed in more detail below. A capaci-
tive pressure transducer assembly 10 that is to be burned-
out, evacuated and sealed is secured within the internal
vacuum chamber of the vacuum housing 110. The support
assembly 120 supports the vacuum housing 110 when the
capacitive pressure transducer assembly 10 is being burned-
out, evacuated and sealed and, more specifically, allows the
vacuum housing 110 and the capacitive pressure transducer
assembly 10 that is disposed therein to be rotated while these
processing steps are being performed.

The vacuum housing 110 includes a metal lower flange
112 and a metal upper housing 114. The vacuum housing
110 also includes left and right pins 136 that are coupled to
the upper housing 114 and a vacuum port (not shown) that
can be connected to one end of a vacuum line 138. The other
end of the vacuum line 138 is connected to a vacuum pump
(not shown) that is capable of drawing an ultra-high vacuum.
The pins 136 define a rotational axis 240 through which the
vacuum housing 110 can rotate when supported by the
support assembly 120. The vacuum port is located near the
left pin 136, i.e., near the rotational axis 240, so that the
vacuum line 138 is subjected to a minimum amount of
displacement and flexure when the vacuum housing 110 is
rotated. The vacuum housing 110 also includes a cable (or
wire) 116 having an end that is coupled to the backside of the
lower flange 112. When the vacuum housing 110 is secured
in the support assembly 120, i.e., via the pins 136, the cable
116 can be operated to rotate the vacuum housing 110
forward to a downwardly-slanted position (FIGS. 7A and
7B) and backwards to an upright position (FIGS. 8A and
8B).

The support assembly 120 includes a base 126, left and
right support brackets 132, two lower supports 122 and two
upper supports 124. The support brackets 132, lower sup-
ports 122 and upper supports 124 are all mounted on a face
of the base 126. The base 126 includes a front edge, a back
edge and opposite side edges. As can be seen in FIGS. 4A
and 4B, the support brackets 132 are located near the
opposite side edges of the base 126, the upper supports 124
are located inboard of the support brackets 132 near the back
edge of the base 126 while the lower supports 122 are
located inboard of the upper supports 124 near the front edge
of'the base 126. Each support bracket 132 has a slot (or hole)
134 that can accommodate a pin 136. Each lower support
122 has a distal end 122a and each upper support 124 has a
distal end 124a. The vacuum housing 110 is secured in the
support assembly 120 by mounting the pins 136 of the upper
housing 114 into the slots 134 of the support brackets 132.
The slots 134 can be slotted and indexed to accommodate
the pins 136 and to facilitate the rotation and loading and
unloading of the vacuum housing 110.

After the capacitive pressure transducer assembly 10 has
been placed in the vacuum housing 110 and the vacuum
housing 110 has been secured to the support assembly 120,
the apparatus 100 is placed in an oven (not shown) and the
vacuum line 138 is coupled to the vacuum port. To operate
the cable 116 at a location that is external to the oven, the
opposite end of the cable 116 is routed between the support
brackets 132 and out through an access port that is provided
in the oven.

As is discussed in more detail below, when the vacuum
housing 110 is in an upright position (as shown in FIGS. 4A
and 4B), the lower flange 112 of the vacuum housing 100
rests upon the distal ends 124a of the upper supports 124.
However, when the vacuum housing 110 is rotated forward
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10
(as shown in FIGS. 7A and 7B), the upper housing 114 then
comes to rest on the distal ends 122a of the lower supports
122.

FIG. 5, which depicts a cross-sectional, side-view of the
vacuum housing 110, shows some additional components of
the apparatus 100 and illustrates how the capacitive pressure
transducer assembly 10 is secured in the vacuum housing
110. As can be seen in FIG. 5, the vacuum housing 110 also
includes a copper sensor support 210 that secures the
transducer assembly 10 that is to be burned-out, evacuated
and sealed. The transducer assembly 10 can be secured to the
sensor support 210 by tightening screws (not shown) or by
a wide variety of other types of fastening means that are
suitable for temporarily securing the transducer assembly 10
to the sensor support 210. The transducer assembly 10 that
is to be secured to the sensor support 210 generally has a
low-temperature sealing material 94a deposited on the upper
end of the tube 80 and on the corresponding sealing surface
of the cover 82.

The apparatus 100 further includes a cylindrical guide
assembly 300, a ball 320 and copper wool 330. The ball 320
is disposed within a hollow portion of the guide assembly
300. As is discussed in more detail below, the guide assem-
bly 300 is temporarily coupled to the tube 80 and, together
with the ball 320, guides the cover 82 towards the upper end
of the tube 80 during the sealing process. The ball 320 is
comprised of a high-temperature, high-density material such
as Tungsten Carbide or Silicon Nitride, for example. The
copper wool 330, which is disposed between the guide
assembly 300 and the upper housing 114, provides a thermal
conductive pathway between the upper housing 114, the
guide assembly 300 and the transducer assembly 10.

After the transducer assembly 10 has been secured in the
sensor support 210, the sensor support 210 is coupled to the
lower flange 112, the ball 320, guide assembly 300 and
copper wool 330 are installed and the lower flange 112 is
then coupled to the upper housing 114. When assembled, the
lower flange 112 and upper housing 114 define an interior
vacuum chamber 200. To ensure that the vacuum chamber
200 is air-tight, a temporary air-tight copper seal is provided
between the lower flange 112 and the upper housing 110.
The vacuum port (not shown) provides fluid communication
between the vacuum line 138 and the vacuum chamber 200.
During the burn-out, evacuation and sealing steps, the
external vacuum pump evacuates the vacuum chamber 200
to an ultra-high vacuum pressure via the vacuum line 138
and vacuum port.

FIG. 6A shows the cylindrical guide assembly 300 in
more detail, while FIG. 6B shows a cross-section view of the
guide assembly 300 and how the ball 320 is disposed within
the hollow portion of the guide assembly 300. The cylin-
drical guide assembly 300 defines a hollow cylindrical
interior space 316 having a closed distal end 312 and an
open proximal end 314. The ball 320 is disposed within the
space 316 of the guide assembly 300 and, depending upon
the orientation of the guide assembly 300, can move freely
towards or away from the distal end 312 and the proximal
end 314 of the guide assembly 300. To prevent excessive
side-to-side motions (i.e., motions that are perpendicular to
a line that is drawn between the distal end 312 and the
proximal end 314) of the ball 320 within the space 316, the
diameter of the ball 320 is closely matched to the diameter
dimension of the space 316, i.e., the diameter of the ball 320
is slightly less than the diameter of the space 316. In one
exemplary embodiment, for example, the diameter of the
ball 320 is 0.5000+0.0001 inches and the diameter of the
space 316 is 0.505£0.002 inches. The diameters of the ball
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320 and space 361 are appropriately sized to account for any
thermal expansion effects that may occur during the burn-
out and evacuation process.

The interior space 316 of the guide assembly 300 is also
sized and configured to accommodate the cover 82 and tube
80 that are temporarily disposed within the space 316. The
tube 80 and cover 82 generally have the same radial dimen-
sion. The radial dimension of the space 316 is, therefore,
established to be slightly larger than the radial dimensions of
the cover 182 and tube 180.

The cylindrical guide assembly 300 further includes a set
of'holes 310 that are arranged radially throughout the guide
assembly 300 and a set of tightening screws 318 that are
disposed towards the proximal end of the guide assembly
300. The tightening screws 318 are used to temporarily
secure the guide assembly 300 (with the ball 320 disposed
therein) to the tube 80 during the burn-out, evacuation and
sealing steps. The holes 310 provide a fluid pathway
between the interior space 316 of the guide assembly 300
and the vacuum chamber 200. Thus, during the burn-out and
evacuation process, i.e., when the cover 82 has not yet been
sealed on the tube 80, fluid pathways exist between the
reference chamber 52 and the vacuum chamber 200 via the
aperture 48, hollow portion of the tube 80 and the holes 310.

FIG. 7A is a side view that illustrates how the vacuum
housing 110, guide assembly 300 and ball 320 of the
apparatus 100 are oriented during the burn-out and evacu-
ation process. FIG. 7B shows a close-up, side view that more
accurately depicts the orientation and arrangement of the
tube 80, cover 82, guide assembly 300 and ball 320 of FIG.
7A. As previously discussed, prior to securing the transducer
assembly 10 into the sensor support 210, low-temperature
sealing material 94a is deposited onto the upper end of the
tube 80 and the corresponding sealing area of the cover 82.
After the transducer assembly 10 is secured in the sensor
support 210 and the vacuum chamber 200 has been sealed
and secured in the support assembly 120, the vacuum
housing 110 is then rotated in a counterclockwise direction
(as shown in FIG. 7A), i.e., forward, until the vacuum
housing 110 comes to rest on the distal ends 1224 of the
lower supports 122. The distal ends 122a are located such
that, upon rotation, the ball 320 and cover 82 which are
located within the interior space 316 of the guide assembly
300 travel away from the tube 80 towards the distal end 312
of the guide assembly 300. Thus, by sufficiently rotating the
vacuum housing 110, one can ensure that a gap (i.e., a fluid
pathway) between the cover 82 and the tube 80 is present
during burn-out and evacuation process. Once the transducer
assembly 10 has been brought up to the desired burn-out
temperature and an ultra-high vacuum pressure has been
established and is being drawn in the vacuum chamber 200,
the burn-out and evacuation processing of the transducer
assembly 10 is then initiated. As is indicated by the arrows
in FIG. 7B, the reference chamber 52 of the transducer
assembly 10 is evacuated by drawing the contaminants and
gases out of the assembly 10 and into the vacuum chamber
200 via the aperture 48 (not shown), the tube 80 and the
holes 310 of the guide assembly 300. The contaminants and
gases are then further drawn out of the vacuum chamber 300
by the external vacuum pump via the vacuum port and
vacuum line 138.

The cable 116 can be manipulated to cause the vacuum
housing 110 to rotate counterclockwise. The vacuum hous-
ing 110, for example, can be weighted so that a slackening
of the cable 116 causes the vacuum housing 110 to rotate
counterclockwise, i.e., forward.
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Once the burn-out and evacuation process has been com-
pleted, the reference pressure in the reference chamber 52 is
then locked in by sealing the cover 82 to the tube 80. FIG.
8A is a side view that illustrates how the vacuum housing
110, guide assembly 300 and ball 320 of the apparatus 100
are oriented during the cover sealing process. FIG. 8B shows
a close-up, side view that more accurately depicts the
orientation and arrangement of the tube 80, cover 82, guide
assembly 300 and ball 320 of FIG. 8A. To seal the cover 82
onto the tube 80, the vacuum housing 110 of the apparatus
100 is rotated in a clockwise direction (as shown in FIG.
8A), i.e., backwards, to an upright position by pulling the
cable 116 that is attached to the backside of the lower flange
112. Cable guides (not shown), such as pulley wheels or
other types of devices or guides, can be utilized to facilitate
the operation of the cable 116. When the vacuum housing
110 is pulled into its upright position, the lower flange 112
of the vacuum housing 110 will come to rest on the distal
ends 124q of the upper supports 124 of the support assembly
120. The upright position need not be exactly vertical.
Instead, it may be advantageous to position the distal ends
124a of the upper supports 124 so that, upon rotation, the
vacuum housing 110 leans slightly backwards. That way, if
the tension in the cable 116 slackens, the vacuum housing
110 is less likely to inadvertently rotate forward towards the
distal ends 122a of the lower supports 122.

When vacuum housing 110 is rotated to its upright
position, gravity causes the ball 320 to move towards the
proximal end 314 of the guide assembly 300 which thereby
causes the cover 82 to engage the tube 82 and, more
specifically, causes the low-temperature sealing material 94a
that is disposed on the bottom-side of the cover 82 to come
into contact with the low-temperature sealing material 94a
that is disposed on the upper end of the tube 80. As situated,
the weight of the ball 320 and the weight of the cover 82 thus
provide a contact force between the cover 82 and the tube 80
in the area of the low-temperature sealing material 94a
interface. To seal the cover 82 onto the tube 80, i.e., to form
the low-temperature seal 94, while the ultra-high vacuum is
still being maintained in the vacuum chamber 200 the
temperature in the oven is elevated to cause the two layers
of low-temperature sealing material 94a to melt and fuse
together. This increase in temperature also serves to activate
the getter element 84 that is disposed in the tube 80. After
the layers of low-temperature sealing material 94a have
sufficiently melted and fused together, the temperature is
lowered below the melting point of the low-temperature
sealing material 94a and, upon cooling, the low-temperature
air-tight seal 94 is thus formed between the cover 82 and the
tube 80 (FIG. 8B). By blocking the last fluid pathway that
existed between the reference chamber 52 and the external
environment, i.e., the vacuum chamber 200, the reference
pressure in the reference chamber 52 is thus established
when the seal 94 is formed.

Once the seal 94 is formed, the oven and vacuum pump
can be turned off and the completed transducer assembly 10
can be removed from the vacuum housing 110 and the guide
assembly and ball 320 can be removed from the transducer
assembly 10. The apparatus 100 can then be used to process
another transducer assembly 10.

The apparatus 100 can be configured to process more than
one transducer assembly 10 at a time. Instead of the cable
116, it may be advantageous to utilize an actuator rod(s) with
an actuator motor to control the rotational orientation of the
vacuum housing 110. Additionally, while the method and
apparatus described herein have been directed to a trans-
ducer assembly 10 that measures an absolute pressure and
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utilizes a getter element, etc., the method and apparatus of
the present invention can also be used to establish a refer-
ence pressure in a reference chamber of a wide variety of
other gauge-type pressure transducer assemblies.

FIG. 9 illustrates the burn-out, evacuation and sealing
process of the present disclosure in more detail. In FIG. 9,
the x-axis of the process flow represents Time and the y-axis
represents Temperature in degrees Celsius. Prior to initiating
the burn-out and evacuation process, at Step A of the process
flow, the cover 82, ball 320, guide assembly 300 and
pressure transducer assembly 10 (minus the cover 82) are
arranged in the vacuum chamber 200 of the vacuum housing
110 and the vacuum housing 110 is rotated counterclockwise
(forward) as shown in FIGS. 7A and 7B. During Step A—B,
over the course of three hours, the temperature in the
vacuum chamber 200 is raised to a burn-out temperature of
250° C. and the pressure is lowered to an evacuation
pressure of 107® Torr. After the burn-out temperature and
evacuation pressure are achieved (Step B), the reference
chamber 52 is burned-out and evacuated for 20 hours, Step
B—C. Shortly before Step C is reached, the vacuum housing
100 is rotated clockwise (backwards) to the upright position
as shown in FIGS. 8A and 8B. When rotated to the upright
position, the movement of the ball 320 causes the cover 82
to move towards tube 80 and the two layers of low-
temperature sealing material 94a to come into contact with
each other. Once the burn-out and evacuation step is com-
pleted (Step C), the temperature in the vacuum chamber 200
is raised to 475° C., Step C—D, which causes the two layers
of low-temperature sealing material 944 to melt. Step C—D
lasts for three hours. The vacuum chamber 200 is then
maintained at 475° C. for 30 minutes, Step D—E, to ensure
that the layers of low-temperature sealing material 94a
sufficiently melt together. Lastly, over the course of 42
hours, the temperature and pressure in the vacuum chamber
200 are brought to ambient conditions and the assembled
pressure transducer assembly 10 is then removed from the
vacuum chamber 200 of the vacuum housing 110, Step
E—G.

By eliminating the intermediate temperature ramp down
portion of the prior art method (Step E—F of FIG. 3), which
is necessary forming the low-temperature seal 94 while
maintaining the low-temperature seal 98 in a melted state,
the burn-out, evacuation and sealing process of the present
disclosure can be completed in as little as 31 hours. Thus, in
addition to accurately establishing a reference pressure
within a reference chamber, the present disclosure can also
advantageously shorten the time that is required to perform
the burn-out, evacuation and sealing process of the pressure
transducer assembly 10.

Although various embodiments that incorporate the
teachings of the present invention have been shown and
described in detail herein, those skilled in the art can readily
devise many other varied embodiments that incorporate
these teachings.

What is claimed is:

1. A method for establishing a reference pressure within
a reference chamber of a capacitive pressure transducer
assembly, the method comprising:

providing a pressure transducer assembly having an aper-

ture;

providing an aperture cover;

depositing a sealing material on at least one of a sealing

area that surrounds the aperture and a sealing area of
the aperture cover;

positioning the aperture cover in a space that is defined by

a guide;
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coupling the guide to a portion of the transducer assembly
that is adjacent to the aperture;
placing the pressure transducer assembly, the aperture
cover and the guide in a pressure chamber of a housing,
5 the aperture providing a fluid pathway between the
reference chamber of the pressure transducer assembly
and the pressure chamber of the housing;
generating a pressure in the pressure chamber;
rotating the transducer assembly and the guide so that
0 gravity moves the aperture cover towards the aperture;
melting the sealing material; and

allowing the sealing material to cool.

2. The method of claim 1, wherein the transducer assem-
bly is capable of measuring an absolute pressure and
wherein the pressure that is generated in the pressure cham-
ber is a vacuum pressure.

3. The method of claim 2, wherein the pressure is sub-
stantially equal to 10~® Torr or less.

4. The method of claim 2, further comprising:

activating a getter element that is in fluid communication
with the reference chamber.

5. The method of claim 2, the aperture being defined by
a tube and wherein the aperture cover is sealed to an end of
the tube.

6. The method of claim 1, wherein the transducer assem-
bly is capable of measuring a gauge pressure.

7. The method of claim 1, further comprising:

providing a slidable mass in the space, the aperture cover
being positioned between the slidable mass and the
aperture.

8. The method of claim 1, further comprising:

subjecting the housing to a first temperature which causes
at least some contaminants that are contained within the
transducer assembler to become vaporized;

subjecting the housing to a second temperature to melt the
sealing material, wherein the first temperature is lower
than the second temperature.

9. An apparatus for facilitating the establishment of a
reference pressure within a reference chamber of a capaci-
tive pressure transducer assembly, the apparatus comprising:

a pressure housing that defines an air-tight pressure cham-
ber, the pressure housing comprising an upper housing,
a lower housing, a pressure port and a rotation pin;

a support assembly, the support assembly comprising a
support bracket having a hole that can accommodate
the rotation pin of the pressure housing;

a guide frame having a closed distal end and an open
proximal end and an internal cavity that extends ther-
ebetween;

wherein a pressure transducer assembly having an aper-
ture and a reference chamber can be secured in the
pressure chamber of the pressure housing and an aper-
ture cover can be disposed in the internal cavity
towards the proximal end of the guide frame, the
aperture providing a fluid pathway between the refer-
ence chamber of the pressure transducer assembly and
the pressure chamber of the housing;

wherein a sealing material can be deposited on at least one
of a sealing area that surrounds the aperture and a
sealing area of the aperture cover;

wherein a proximal end of the guide frame can be coupled
to a portion of the transducer assembly that is adjacent
to the aperture;

wherein a pressure line connected to a pressure source can
be coupled to the pressure port, the pressure source
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being capable of establishing a pressure condition in
the pressure chamber via the pressure line and the
pressure port;

wherein when the rotation pin is engaged with the hole,
the pressure housing can be rotated from a first position
to a second position; and

wherein a gap exists between the aperture cover and the
aperture when the pressure housing is in the first
position and wherein the aperture cover moves towards
the aperture when the pressure housing is rotated to the
second position.

10. The apparatus of claim 9, further comprising:

a weight, wherein the weight is disposed in the internal
cavity towards the distal end of the guide frame.

11. The apparatus of claim 10, wherein the internal cavity
of the guide frame defines a cylindrical volume and wherein
the weight is a ball that is comprised of high-density,
high-temperature material.

12. The apparatus of claim 11, wherein the high-density,
high-temperature material is either Tungsten Carbide or
Silicon Nitride.

13. The apparatus of claim 11, wherein the aperture of the
transducer assembly is defined by a tube and the internal
cylindrical volume of the guide frame is sized to accommo-
date a portion of the tube.

14. The apparatus of claim 9, the support assembly further
comprising an upper support and a lower support, wherein
a portion of the pressure housing rests on the lower support
when the pressure housing is in the first position and a
portion of the pressure housing rests on the upper support
when the pressure housing is in the second position.

15. The apparatus of claim 9, the pressure housing further
comprising a cable that can be used to rotate the pressure
housing from the first position to the second position.

16. The apparatus of claim 9, further comprising an
actuator motor and an actuator rod that can be coupled to the
pressure housing to control the rotational position of the
pressure housing.

17. The apparatus of claim 9, the guide frame having
holes that are located between the proximal end and the
distal end.

18. The apparatus of claim 9, the guide frame having
tightening screws that are located near the proximal end
coupling the guide frame to the portion of the transducer
assembly that is adjacent to the aperture.

19. An apparatus for facilitating the establishment of a
reference pressure within a reference chamber of a capaci-
tive pressure transducer assembly, the apparatus comprising:

a vacuum housing that defines an air-tight vacuum cham-
ber, the vacuum housing comprising an upper housing,
a lower housing, a vacuum port and a rotation pin;

a support assembly, the support assembly comprising a
support bracket having a hole that can accommodate
the rotation pin of the pressure housing;

a guide having a closed distal end and an open proximal
end and an internal cavity that extends therebetween;

wherein a pressure transducer assembly having an aper-
ture and a reference chamber can be secured in the
vacuum chamber of the vacuum housing and an aper-
ture cover can be disposed in the internal cavity
towards the proximal end of the guide, the aperture
providing a fluid pathway between the reference cham-
ber of the pressure transducer assembly and the vacuum
chamber of the housing;

wherein a sealing material can be deposited on at least one
of a sealing area that surrounds the aperture and a
sealing area of the aperture cover;
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wherein a proximal end of the guide can be coupled to a
portion of the transducer assembly that is adjacent to
the aperture;

wherein a vacuum line connected to a vacuum source can
be coupled to the vacuum port, the vacuum source
being capable of establishing a vacuum pressure con-
dition in the vacuum chamber via the vacuum line and
the vacuum port;

wherein when the rotation pin is engaged with the hole,
the vacuum housing can be rotated from a first position
to a second position; and

wherein a gap exists between the aperture cover and the
aperture when the vacuum housing is in the first
position and wherein the aperture cover moves towards
the aperture when the pressure housing is rotated to the
second position.

20. The apparatus of claim 19, further comprising:

a weight, wherein the weight is disposed in the internal
cavity towards the distal end of the guide.

21. The apparatus of claim 20, the weight being a ball, the
aperture of the transducer assembly being defined by a tube
and wherein the internal cavity of the guide defines a
cylindrical volume that is sized to accommodate at least a
portion of the tube.

22. The apparatus of claim 21, wherein the ball is com-
prised of high-density, high-temperature material.

23. The apparatus of claim 22, wherein the high-density,
high-temperature material is either Tungsten Carbide or
Silicon Nitride.

24. The apparatus of claim 19, the support assembly
further comprising an upper support and a lower support,
wherein a portion of the vacuum housing rests on the lower
support when the pressure housing is in the first position and
a portion of the vacuum housing rests on the upper support
when the pressure housing is in the second position.

25. The apparatus of claim 19, the pressure housing
further comprising a cable that can be used to rotate the
vacuum housing from the first position to the second posi-
tion.

26. An apparatus for use in constructing a pressure
transducer, the transducer having a housing and a cover, the
housing defining a reference chamber and an aperture, a
meltable sealing material being disposed on at least one of
the cover and the housing, the apparatus including:

a chamber, the chamber being rotatable between a first
position and a second position, the chamber being
sufficiently large to house the transducer;

a vacuum pump connected to the chamber, the vacuum
pump being capable of establishing a vacuum in the
chamber;

a guide disposed within the chamber, the guide being
attachable to the transducer near the aperture, the guide
defining an interior space sufficiently large for housing
the cover, gravity causing the cover to move within the
space away from the aperture when the chamber is in
the first position, gravity causing the cover to move
within the space towards the aperture when the cham-
ber is in the second position; and

a heater for selectively heating the chamber to a tempera-
ture sufficiently high to melt the sealing material.

27. The apparatus of claim 26, further including:

a weight disposed within the space, the cover being
disposed between the aperture and the weight.

28. The apparatus of claim 27, the weight being a ball.

29. The apparatus of claim 27, the weight being com-
prised of at least one of Tungsten Carbide and Silicon
Nitride.
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30. The apparatus of claim 26, further including a cable
coupled to the chamber for rotating the chamber between the
first and second positions.

31. A method for establishing a pressure within a refer-
ence chamber of a capacitive pressure transducer assembly,
the reference chamber defining an interior volume, an aper-
ture, and a sealing area around the aperture, the method
comprising:

providing an aperture cover;

depositing a sealing material on at least one of the sealing
area and a portion of the aperture cover;

positioning the aperture cover in a space defined by a
guide;

placing the reference chamber, the aperture cover and the
guide in a housing, the aperture providing a fluid
pathway between the interior volume and the housing;

generating a pressure in the housing;

moving the transducer assembly and the guide so that
gravity tends to pull the aperture cover and the aperture
together;

melting the sealing material; and

allowing the sealing material to cool.

32. The method of claim 31, the step of moving the
transducer assembly comprising rotating the transducer
assembly about an axis.

33. The method of claim 31, further comprising coupling
the guide to a portion of the transducer assembly adjacent to
the aperture.

34. The method of claim 31, the pressure generated in the
pressure chamber being a vacuum pressure.

35. The method of claim 34, the pressure being 10~® Torr
or less.

36. The method of claim 34, further comprising:

activating a getter element that is in fluid communication
with the interior volume.

37. The method of claim 31, the aperture being defined by
a tube and the aperture cover being sealed to an end of the
tube.

38. The method of claim 31, further comprising:

providing a mass in the space, the aperture cover being
positioned between the mass and the aperture.

39. The method of claim 38, the mass being a ball.

40. The method of claim 38, the mass comprising either
Tungsten Carbide or Silicon Nitride.

41. The method of claim 31, further comprising:

subjecting the housing to a first temperature which causes
at least some contaminants that are contained within the
transducer assembly to become vaporized;

subjecting the housing to a second temperature to melt the
sealing material, wherein the first temperature is lower
than the second temperature.

42. An apparatus for facilitating the establishment of a
reference pressure in a reference chamber of a capacitive
pressure transducer assembly, the reference chamber defin-
ing an aperture and a sealing area around the aperture, a
meltable sealing material being disposed on at least a portion
of at least one of an aperture cover and the sealing area, the
apparatus comprising:

a housing defining a substantially air-tight pressure cham-
ber, the housing being moveable between a first posi-
tion and a second position, the housing being suffi-
ciently large to house the transducer assembly;

a guide disposed within the housing for guiding the
movement of the aperture cover, gravity tending to
cause the aperture cover and the reference chamber to
separate when the housing is in the first position,
gravity tending to cause the aperture cover and the
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reference chamber to be brought together when the
housing is in the second position; and

a heater for selectively heating the housing to a tempera-
ture sufficiently high to melt the sealing material.

43. The apparatus of claim 42, further comprising:

at least one rotation pin extending from the housing;

a support assembly, the support assembly comprising a
support bracket having at least one hole that can
accommodate the at least one rotation pin of the
housing; and

the housing being rotatable from the first position to the
second position when the at least one rotation pin is
engaged with the at least one hole.

44. The apparatus of claim 42, further comprising:

a pressure port defined by the housing; and

a pressure line connected to a pressure source coupleable
to the pressure port, the pressure source being capable
of establishing a pressure condition in the pressure
chamber via the pressure line and the pressure port.

45. The apparatus of claim 42, further comprising:

a weight, the aperture cover being positioned between the
weight and the aperture.

46. The apparatus of claim 45, the guide defining a
cylindrical volume and the weight being a ball, the ball
being disposed in the cylindrical volume.

47. The apparatus of the claim 46, the ball comprising
either Tungsten Carbide or Silicon Nitride.

48. The apparatus of claim 46, the aperture being defined
by a tube and the cylindrical volume of the guide being sized
to accommodate a portion of the tube.

49. The apparatus of claim 43, the support assembly
further comprising an upper support and a lower support, a
portion of the housing resting on the lower support when the
housing is in the first position and a portion of the housing
resting on the upper support when the housing is in the
second position.

50. The apparatus of claim 42, the housing further com-
prising a cable for rotating the housing from the first position
to the second position.

51. The apparatus of claim 42, further comprising an
actuator motor and an actuator rod that can be coupled to the
housing to control the rotational position of the housing.

52. The apparatus of claim 42, the guide having a proxi-
mal end, a distal end, and holes located between the proxi-
mal end and the distal end.

53. A method for establishing a pressure within an enclo-
sure, the method comprising:

providing the enclosure defining an aperture, a sealing
area around the aperture, and an interior volume;

providing an aperture cover;

depositing a sealing material on at least one of the sealing
area and a portion of the aperture cover;

positioning the aperture cover in a space defined by a
guide;

placing the enclosure, the aperture cover, and the guide in
a housing, the aperture providing a fluid pathway
between the interior volume and the housing;

generating a pressure in the housing;

moving the enclosure and the guide so that gravity tends
to pull the aperture cover and the aperture together;

melting the sealing material; and

allowing the sealing material to cool.

54. The method of claim 53, the step of moving the
enclosure comprising rotating the enclosure about an axis.

55. The method of claim 53, further comprising coupling
the guide to a portion of the enclosure adjacent to the
aperture.



US 7,137,301 B2

19

56. The method of claim 53, the aperture being defined by
a tube and the aperture cover being sealed to an end of the
tube.

57. The method of claim 53, further comprising:

providing a mass in the space, the aperture cover being
positioned between the mass and the aperture.

58. The method of claim 57, the mass being a ball.

59. The method of claim 57, the mass comprising either
Tungsten Carbide or Silicon Nitride.

60. An apparatus for facilitating the establishment of a
pressure in an enclosure, the enclosure defining an aperture
and sealing area around the aperture, a meltable sealing
material being disposed on at least a portion of at least one
of an aperture cover and the sealing area, the apparatus
comprising:

a housing defining a substantially air-tight pressure cham-
ber, the housing being moveable between a first posi-
tion and a second position, the housing being suffi-
ciently large to house the enclosure;

a guide disposed within the housing for guiding move-
ment of the aperture cover, gravity tending to cause the
aperture cover and the enclosure to separate when the
housing is in the first position, gravity tending to cause
the aperture cover and the enclosure to be brought
together when the housing is in the second position;
and

a heater for selectively heating the housing to a tempera-
ture sufficiently high to melt the sealing material.

61. The apparatus of claim 60, further comprising:

at least one rotation pin extending from the housing;

a support assembly, the support assembly comprising a
support bracket having at least one hole that can
accommodate the at least one rotation pin of the
housing; and

the housing being rotatable from the first position to the
second position when the at least one rotation pin is
engaged with the at least one hole.
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62. The apparatus of claim 60, further comprising:
a pressure port defined by the housing; and

a pressure line connected to a pressure source coupleable
to the pressure port, the pressure source being capable
of establishing a pressure condition in the pressure
chamber via the pressure line and the pressure port.

63. The apparatus of claim 60, further comprising:

a weight, the aperture cover being positioned between the
weight and the aperture.

64. The apparatus of claim 63, the guide defining a
cylindrical volume and the weight being a ball, the ball
being disposed in the cylindrical volume.

65. The apparatus of claim 64, the ball comprising either
Tungsten Carbide or Silicon Nitride.

66. The apparatus of claim 64, the aperture being defined
by a tube and the cylindrical volume of the guide being sized
to accommodate a portion of the tube.

67. The apparatus of claim 61, the support assembly
further comprising an upper support and a lower support, a
portion of the housing resting on the lower support when the
housing is in the first position and a portion of the housing
resting on the upper support when the housing is in the
second position.

68. The apparatus of claim 60, the housing further com-
prising a cable for rotating the housing from the first position
to the second position.

69. The apparatus of claim 60, further comprising an
actuator motor and an actuator rod that can be coupled to the
housing to control the rotational position of the housing.

70. The apparatus of claim 60, the guide having a proxi-
mal end, a distal end, and holes located between the proxi-
mal end and the distal end.



